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Antiproton Production in Au + Au Collisions at11.74 GeV/c
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Antiproton production in11.7A GeV/c Au + Au collisions over a wide transverse-mass coverage
was studied using the AGS-E866 experimental apparatus. The mean transverse kinetic energy increases
as a function of centrality and is similar to that of protons. The antiproton yields in 8l, Si + Au,
and Au+ Au collisions are consistent with scaling with the 0.7 power of the number of participant
nucleons. [S0031-9007(98)07191-9]

PACS numbers: 25.75.Dw, 13.85.Ni, 21.65.+f

Antiproton (p) yields in relativistic heavy ion col- for Au + Au reactions and compares the results to those
lisions reflect a subtle competition between initialfor p + A and Si+ A reactions.
production in nucleon-nucleon collisions and subsequent Three representative pictures have been proposeg for
annihilation on the surrounding nucleons. At AGS production at AGS energies. The most naive model uses
energiesp production in N+ N collisions is near the a superposition of each collision between an unstruck pro-
threshold and is quite small. However, several processgsctile and an unstruck target nucleon with no subsequent
in heavy ion reactions are expected to increase the yieldbsorption. This “first collision model” [10] provides a
An anomalously highp yield has been proposed as anbase line for the initial production especially near thresh-
indication of the quark-gluon-plasma [1,2] and chiralold. The sophisticated cascade models, ARC and RQMD,
restoration [3]. Less exotic hadronic multistep processesnplement two complementary approachesptoyields.
have also been considered for enhancmgroduction ARC [11] allows production on every sequentidN col-
in the cascade code RQMD [4,5]. In contrast, the largdision through energy dependent cross sections. Absorp-
P annihilation cross section is expected to reduce théion is greatly reduced through a three-body screening
final yield. For these reasons the yield has been mechanism. RQMD [12], on the other hand, combines
suggested as a measure of the high baryon density [6,The large enhancement of initial production from hadronic
predicted as about 10 times the normal nuclear density imultistep processes with strong absorption throughfree
Au + Au collisions at AGS energies by cascade modelsabsorption cross sections. In short, the three scenarios are
RQMD [7], ARC [8], and ART [9]. By measuringg first hit production with no absorption, normal production
yields systematically, it may be possible to disentanglevith screened absorption, and enhanced production and
the effects of production and absorption. This papeistrong absorption. In previous measurements at the AGS,
presents differentiap yields as a function of centrality p yields in p + A and Si+ A collisions are consistent
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with scaling with the number of projectile participant nu- trigger bias is estimated to be only about 8%, and not
cleons [13] as expected in the first collision model. corrected for.

The E866 experiment was built to study particle pro- Figure 1 showsp vyields Ed°N/dp® = (1/0uig) X
duction in Au+ Au collisions over a wide rapidity  Ed*c/dp?, in minimum bias events, wheke,;, denotes
and transverse mass, = \/mi, + p3, wherem, is the the trigger cross section. Spectra at symmetric rapidities
P mass, ang; is the transverse momentum. The experi-with respect toyyy = 1.6 are consistent within errors.
mental setup is described elsewhere [14,15]. The analyrigure 2 show$ invariant differential yields in the four
sis presented here uses data taken with the forwardentrality windows. Eackp spectrum in Fig. 2 is fitted
magnetic spectrometer in 1994 using'”4Au beam at to a single exponential form with the rapidity density
11.67 + 0.03A GeV/c and an Au target 0975 mg/cn?  (dN/dy) and the inverse slope paramet&) (

(about 2% beam intera_ctior_1 rate)._ It covers pgla_\r an- Lo dN /dy m, — m,

gles from6° to 24° and its kinematic coverage fqr is = exr(—i).

1.0 <y <22and0 < m, — m, < 1.2[GeV/c?]. The 2w oigmidmidy  20T(T + my) r )
nucleon-nucleon center-of-mass (c.m.) rapidify is at

1.6. Particle identification (PID) is made with a 100-slatTable | showsdN /dy and (m, — m,) for the different
time-of-flight detector (FTOF) with 75 ps rms resolution centrality cuts and for comparison also shows these values
placed 6 m from the target. Momentum resolution forfgr protons (P) The inverse S|0pe parameter, and

p was estimated to be,/p = 1.5% atp = 0.5 GeV/c  (m, — m,) demonstrate that thg spectra become flatter

and 5% atp =5 GeV/c. A zero-degree calorimeter ith increasing centrality. It is also evident that the
(ZCAL) was used to define the centrality of the collision (;;, — m,) increases with centrality similarly for both

by measuring the total kinetic enerdgi.ca1. of projectile  protons and antiprotons.

spectators. A zero-degre@erenkov detector measured |t is known that thep spectra have a pronounced
the charge of the forward-going particles and providediattening at lown, [15] and cannot be fitted satisfactorily
an interaction trigger (lNT) The data were taken with awith the Sing|e exponentia| form of Eq (1) except for

spectrometer trigger (FSPEC) that required INT and hitshe most peripheral centrality cut. It is certainly of
on drift chamber planes. The FSPEC efficiency was better
than 99.9%. Data were also taken with the Henry Higgins ) o ,
E802 spectrometer [16]. These data serve as independent Antiproton (Minimum Bias)
confirmation of the experimental consistency. — 10 e £866 FS (Y<Yu)
The track reconstruction procedure is described else: | 0 EB66 FS (Y>Yy)
A EB6B6 HH (Y<YW)

where [15]. To suppress backgrounds due to multiple hitsy
in an FTOF slat, a cut is applied to the energy deposited>® 107
., %
®&>$A$ t TRO<W—YNN\<O,2

in the slat. A PID cut was applied in the’? vs p plane,
z% * (X 10%)
T&o.2<w—m\<o‘4
background level was kept t60%—-20%. The number i

wherem? = p?[(5)? — 1], with the velocity of lightc,
the time-of-flights, and the track path length The cut

ckgroun € AT (x 107
of p candidates was about 800 out of 15 million FSPEC~__ A
events. o, -5 &
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boundary was set at2.50 from m; in p <3 GeV/c,
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5 |
IS
<>‘?é>
®
190
o

dm,dy [barn G

T T T

Invariant cross sections@3 o /dp3) were obtained in jU " Eﬁﬁ ° A A L0.4<IY=Y,,/<0.6
minimum bias events, and with centrality cuts. Correction! A =7 (X 1 OszN> ‘
factors were applied to every identifigd Typical values g el
of these factors for the most central 10% events arek &4

given by: track reconstruction~(1.07), FTOF multiple

~—

A N L0.6< VY, 1<0.8

hits in a slat ¢1.10), hadronic absorption in the target -7 [/ = (X mﬂ)
and detectors+1.02), FTOF energy loss cut~1.11), 10 £8/8 \

T T T TTTIT
2o
>

T

and background subtractior-(.85). The total systematic Ei %;?NN) 0.8<IY=Yl<1.0
error was evaluated to be about 10%. The centrality is g (Y>Yw) (X 107%)
defined as the trigger cross section integrated from zeroto "¢ ¢ EB86
the measuredzcaL, normalized to the total interaction 0 02 04 06 08 1 12 4
cross section of 6.85 b [17]. Four centrality windows are my—m, [GeV/c’]

i i 1< 09 —80 0 — 0, 0 — 0,
ggs/d ”;;t;s anhaIySISc;(SA) 8%, BA)d 2? /o,ch3/o 3,?/0’ 6}[ng—lG. 1. Invariant differential cross sections gfas a function
0—77%, where 0% corresponds to the most centrgjt m; — m, for minimum-bias events at each rapidity range.

event, and 77% corresponds to the INT cross section Qbata from other AGS experiments are also shown. Error bars
5.3 b. A fraction of the inclusivg yield lost by the INT  are statistical. See text for details.
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Antiproton (Centrality Dependence)  results lie between them by using a single exponential
extrapolation. It has been suggested that the large spread

TooLF A coes _ 0 among the experiments is due to differences in the
oL Central 0-8% (X 10°) 1S
9 m Central 8-23 % (X WO’; acceptances fop from A decay [20]. The acceptance
% LE ® Central 23—38 % (X 10_ including the branching ratio fop from A decay in this
oY * Central 38—77 7% (X 10 experiment has been estimated as 40% by a Monte Carlo
: ;o‘ A s, method using spectral shapes from RQMD 2.1. Since
0,07 L A A RQMD gives the ratio,A/p, for direct production as
- Fom W + about 40%, the final anti-Lambda contribution to these
O T " am results is about 14%. No correction is applied to the data
\WO E
o E .. * presented here.
o 75:*0 ° o T T The p vyields in this experiment are compared with
7100 F ¢ those inp + A and Si+ A at 14.6A GeV/c. In order
g Ex f ? to compare different collision systems and centralities,
ST KR T Npart, the number of target and projectile nucleons that
- F L have interacted, is used. In this analysiTioF 1.7[21]
S o 4 * is used to estimat&V,,; from the measured cross sec-
e E \ ’T‘ tion of each centrality window. Alternatively, for sym-
N E864 (y=1.6-2.2) ) metric A + A collisions, Ny is directly estimated from
1" Y Central 0-107% (x10%) EzcaL and beam energ¥ppam as Nicith = 2A(1 —
§<> E87§ (‘YZOE?B%Q)X o Ezcar/Egeam), Where the factor of 2 comes from the
16° Lo Contral 10—30°% (x 10 symmetry of the collision system. The difference between
Ex Central 30—70 % (X 1072 Npare With FRITIOF and NZEAL in Au + Au is 4% for the
-0 % Central 30—-/0 7% (X 1 Of3 L most central window and 35% for the most peripheral
10 0 0.2 0.4 0.6 window, which is regarded as systematic uncertainty in

0.8 1 2
m—m, [GeV/c*T Ny
. . o . Sincep + A and Si+ A data and Au+ Au data are
ilimlefbﬁr' anr:/t?gﬁgt vei'ggg\e,g:alc)%e_lg;),og%n_Zlé%/; 53013'3%8% ’ take_n at different beam energies,_ a c_orrection has b_een
and 38%-77%, from top to bottom. Data from other AGSapplied. As a base line approximation the correction
experiments are also shown. Error bars are statistical. See tefactor is determined by @ production cross section in
for details. p + p collisions at the initial beam energy. The follow-
ing parametrization is used as proposed in Refs. [22,23]:
considerable interest to know whether {hespectra have
the same shape. For t_his purpose the data were _also T pp—7(\[s) = a(\[s — 4m,,)? [mb], (2)
fitted with a form proportional to the double exponential
used for thep spectra [15]. They?/dof of both fits is  where,/s is the total c.m. energy in GeV andandb are
comparable and less than 1 for all centrality windows fit parameters. A fit to the data from Refs. [24,25] yields
indicating that it is statistically hard to distinguish which a = (1.06 + 0.04) X 1072, b = 1.95 = 0.19. Thus
shape describes thedata better. the energy correction necessary to compare “AAu
Three other AGS experiments measurgdat p, = data at11.74 GeV/c with p + A or Si+ A data at
0 in Au + A collisions [18—20]. Their data are also 14.6A GeV/c was calculated to b€.47 = 0.03, where
plotted in the figures. E878 data (H1.84 GeV/c) have the error is statistical. The correction factor was checked
been scaled td1.7A GeV/c by applying a beam energy for p data in p + Be collisions at12.9 GeV/c [26],
correction factor of 1.4 explained below. For inclusiveat 14.6 GeV/c [13], and at23.1 GeV/c [27]. Another
and peripheral events, data among the experiments asystematic effect comes in comparing yields in limited
consistent. However, for the most central events, E864apidity ranges. In each collision systemN/dy is
data is a factor of 4 larger than E878 data, and the presenbmpared inyyy — 0.6 <y < yyy, Orly — yan| < 0.6

TABLE I. dN/dy, T, and {m, — m,) for p, and dN/dy and (m, — m,) for p in four
centrality windows inl1.0 < y < 2.2. The errors are statistical.

dN5/dy Ty (m, — m,)5 (m;, — my,),

Centrality (X10%) [MeV/c?] [MeV/c?] dN,/dy [MeV/c?]
0% —8% 154 = 1.5 275 = 31 337 = 43 61.7 = 0.6 328 + 4
8%—23% 124 = 0.9 251 £ 25 304 = 34 399 = 04 307 = 3
23%—38% 6.97 = 0.63 224 + 25 267 £ 34 22.6 = 0.2 280 = 2
38%—77% 3.22 = 0.24 179 £ 16 208 = 21 5.82 = 0.06 238 = 3
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in Au + Au. The width of dN/dy, oy, ranges from calculations are from Ref. [12] fop + A and were done
0.4 for p + Be collisions to 0.6 for central%—-10%  for Si + A and Au+ Au with version 2.3. Since +

Au + Au collisions [19,26,28]. No correction for the A and Si+ A calculations were done at4.6 GeV/c,
widths has been made. Systematic changéNofdy due the same beam energy correction of 0.47 is applied.

to the variation ino, is about 20%. The first collision model gives yields asdN/dy =
Figure 3 showsIN /dy of p’sfor p + A[13], Si+ A  dN/dy,.,Ns, where dN/dy,., is dN/dy in p + p
[10], and Au+ Au collisions as a function ofV,,.  collisions which is calculated &0 x 10~ from Eq. (2).

The rapidity ranges aré.1 <y < 1.7 for p + A and The number of first collisionsN, is estimated with
Si+ A (yww =17),and1.0 <y <22 for Au + Au.  FRITIOF 1.7
The beam energy correction of 0.47 is applied for- A For p + A collisions, both models are consistent with
and Si+ A collisions. Forp + A, dN/dy inthis rapidity  the experimental data. For Si A and Au+ Au colli-
range is converted frordN /dy data in1.0 <y < 1.6,  sions, both models describe the scaling with, well
assuming a Gaussian distribution withy) = 1.7 and  with RQMD rising somewhat more rapidly than the mea-
oy = 0.4. The systematic error due to this assumptionsurements. RQMD, however, gives better absolute values
was estimated to be about 30% by changing from for the yields with the naive first collision model underes-
1.2 to 1.7. The horizontal error bars show systemati¢dimating the cross section B30%—-50%.
uncertainties ofV,,; described above. The dotted line In summary,p invariant cross sections have been mea-
shows a fit withdN/dy = aNfan, where @ = (2.1 = suredinll.7A GeV/c Au + Au collisions as a function
1.2) X 107 andB = 0.74 + 0.12 are obtained. If Sir ~ Of the centrality of the collision. The mean transverse
A data and Aut+ Au data are fitted separately3 is  kinematic energy increases as a function of centrality and
0.60 = 0.24 and0.80 = 0.13, respectively. is similar to that ofp in all centrality windows. The
The solid and dashed curves show RQMD [29] and thénidrapidity p yields in Si+ Al, Si + Au, and Au+ Au
first collision model calculations, respectively. RQMD collisions scale a®Vpare With 8 = 0.74 = 0.12. RQMD
predicts the dependence witt,,; reasonably well and
. much of the(m, — m,) increases with centrality. Al-
Antiproton d N/dy VS N though entirely different conceptually, the naive first col-

> lision model also predicts the dependenceNgf,, but,
O | of course, cannot reproduce the strong variatiotwip —
; — ROMD " mp). Im.pr_oved. systematic measurements will be neces-
5 sary to distinguish between the different models more defi-
102l - First collision model nitely, to better estimate the nuclear density achieved, and
L Zany to determine whether the shapes of thandp spectra are
[ 4 0.74 £ indeed similar.
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